Abstract: Hydroxyurea (HU) is an anti-neoplastic drug which is used for treatment of many types of tumors; however, its wide range of deleterious effects may limit its medical usage. This study was conducted to assess the possible protective role of Panax ginseng extract (Ginseng) against HU-induced hepato-renal damage in rats. Forty male Wistar albino rats were randomly divided into four equal groups (10 rats each). Group I (control) received 1ml purified water. Group II (Ginseng-treated) received 200 mg/kg body weight (b.wt) of Panax ginseng extract. Group III (HU-treated) received HU at a dose of 500 mg/ kg b.wt. Group IV (HU plus ginseng) received HU and Panax ginseng extract in similar doses of group II and III. All the treatments were administrated orally. Treatment with Panax ginseng failed to ameliorate the hematological alterations caused by HU, but, its ability to alleviate hepato-renal cytotoxic effect was proved through significant reduction in plasma level of hepato-renal injury biomarkers (AST, ALT, GGT, urea and creatinine) which were elevated in HU-treated group. Also, this effect was affirmed by decreased level of plasma pro-inflammatory cytokines (TNF-α and IL-6) and enhanced anti-oxidant state (decreased MDA content and increased GPX activity) of hepato-renal tissues upon Panax ginseng extract administration with HU. Histopathologically, HU induced impairments in both hepatic and renal tissues of the treated rats. Conversely, concurrent administration of ginseng with HU partially improved these alterations.
Introduction
Hydroxyurea (HU) as an anti-neoplastic drug is used in humans and dogs for the treatment of chronic myelogenous leukemia, polycythemia, ovarian cancer, melanoma, and squamous cell carcinoma of the head and neck. Also, it has been used for treatment of renal cell carcinoma, transitional carcinoma of the urinary bladder, prostatic carcinoma, and carcinoma of the uterine cervix in addition to thrombocytosis (1) . Moreover, HU has been used for treatment of mast cell tumor and hypereosinophilic syndrome in dogs (2, 3) . It is the only approved option to be used in humans with sicklecell disease as it reduces vaso-occlusive crises frequency, blood transfusions, the number of days spent in hospital and mortality of these patients (4). That's because administration of HU to sickle-cell disease patients increases the production of erythrocytes fetal hemoglobin which can carry more oxygen than adult hemoglobin (5) , decreases circulating neutrophils, enhances the deformability of erythrocytes, decrease adhesion of erythrocytes to endothelium, promotes vasodilation through production of nitric oxide and increasing adenosine deaminase activity in circulating monocytes leading to lower adenosine levels (6, 7) .The mechanism of action of HU as an anti-neoplastic drug depends on its ability to arrest rapidly dividing cells at S phase of cell division (8) through inhibition of the class I ribonucleotidereductase enzyme (9) which is responsible for the formation of deoxyribonucleotides from ribonucleotides (10) by inactivating the tyrosyl radical required for enzyme activity leading to massive reduction in the production of deoxyribonucleotides that are necessary for DNA replication (11, 12) .
HU is generally tolerated however it has a low safety margin due to myelosuppression, as the earliest and most common reported adverse findings in human patients were pan-leukopenia, anemia and thrombocytopenia (3, 5, 13) . Additionally, growth retardation spermatogenic arrest, hematopoietic, lymphoid, cardiovascular, and gastrointestinal toxicity associated with hemosiderosis of spleen and liver have been observed in dog toxicity studies (13, 14) . In rats administration of HU at high doses induced reduction in the body weight gain, anemia, leukocytopenia, thrompocytopenia associated with hypocellularity of lymphoid organs and bone marrow; epithelial degeneration and/or dysplasia of the stomach and small intestine (14) and decreased fertility in males as itinduced testicular atrophy and decreased sperm production (15), also, it can induce hepatic damage with fatty changes (13). Cardiovascular effects and slight methemoglobinemia were detected in some species ''at doses higher than clinical levels'' (13, 16), skin and nail lesions have been reported in human and canine patients (2, 17, 18) . In addition, HU can induce lung toxicity with pulmonary edema, lung infiltration and dyspnea (19) , and pulmonary fibrosis in a minority of patients (20) .
Traditional herbal medicine has become the point of attraction in the clinical and experimental research. Panax ginseng (Korean ginseng), commonly known as ginseng is a famous medicinal plant that has been used extensively in traditional Chinese medicine for more than 2,000 years (21) (22) (23) (24) . Bioactive constituents of ginseng include ginsenosides, polysaccharides, phenolics, flavonoids, and polyacetylenes (25). In particular, the main active components of ginseng are the ginsenosides (or triterpenoidsaponins), aswell as about 38 more types of ginsenosides have been identified approximately (26) . These compounds are proved to be responsible for most of the favorable effects of ginseng, which has a wide range of protective or therapeutic effects against many diseases. Ginsenosides have been studied intensively as the main active components of ginseng that have a variety of pharmacological effects, including anti-diabetes (27) , anti-oxidant and anti-inflammatory (28), anti-aging (29) , antiobesity (30) , immune modulator and anti-tumor effect (31, 32) . To the pest of our knowledge, very few detailed reports of HU induced toxicity in lab animals have been published and the published reports were insufficient to demonstrate the hepato-renal effect of HU administration. In this context, this study was conducted to assess the adverse effects of HU administration to male albino rats up to 1 month and the ability of Panax ginseng to ameliorate these effects.
Materials and methods

Chemicals
Commercially available formulation of hydroxyurea capsules (Hydrea®500mg, E R Squibb & Sons Ltd., England) was used. Panax ginseng extract were obtained in form of capsules containing 550 mg of Korean red ginseng extract, 8% ginsenosides (Nature's Way, USA).
Animals and experimental design:
Forty male Wistar albino rats, 6-8 weeks old and 180-200 g body weight were obtained from the closed bred colony in Faculty of Agriculture, Alexandria University, Egypt. Rats were housed in metal cages under controlled environmental conditions (24-27 °C temperature, 55% RH, and 12 h light/dark cycle) for 2 weeks.
596
They were observed carefully during this period to make sure that they were free from any apparent health problem. All animals fed on a standard laboratory diet and received water ad libitum during the experiment. This study was approved by committee of Care and Use of Laboratory Animals of Alexandria University.
After the acclimatization period, rats were allocated into four groups (10/each). All groups received daily oral intubation using stomach tube and the treatment lasted for 30 days as the following: Group I (control) received 1ml purified water (the vehicle used for HU). Group II (ginseng-treated) received 200 mg/kg b.wt of Panax ginseng extract (33). Group III (HUtreated) received hydroxyurea at a dose of 500 mg/ kg b.wt (34), HU solution was freshly prepared by tablets dissolving in purified water. Group IV (HU + ginseng) received hydroxyurea and ginseng extract in similar doses of group II and III. Twenty four hours after the last dose, the rats of each group were euthanized after light ether anesthesia to be subjected to the following studies.
Hematological studies
Anti-coagulated blood samples (in EDTA containing tubes) were collected from retro-orbital venous plexus for determination of erythrocytic (RBCs) count, and platelets count in addition to total and differential leukocytic count (Exigo® veterinary hematology system, Sweden) and for separation of plasma by samples centrifugation at 1000×g for 10 min.
Biochemical analysis
Plasma activities of AST, ALT and GGT, in addition to levels of urea and creatinine were determined using commercially available kits. Plasma level of IL-6 and TNF-alpha were detected by quantitative sandwich enzyme immunoassay method using Rat spicific ELISA kits (abcam, USA).
Antioxidant studies
About 1 g of kidney and liver of each euthanized animal were separated, perfuse with phosphate buffer saline solution (PBS) solution (pH, 7.4) containing 0.16 mg/ ml heparin to remove any blood or clots, and homogenized in 9 ml PBS solution using tissue homogenizer (Glas-Col. Tissues homogenizer, China). Homogenate aliquots were centrifuged at 10,000 × g for 30 min, supernatant were removed and stored at -80 till the time of assessment of concentration of malondialdehyde (MDA) and activity of glutathione peroxidase enzymes (GPX) using locally available kits (BiodiagnosticEgypt; Biovision, USA) and as previously described (35) . Protein content was detected using Bradford's reagent (Sigma-Aldrich, USA).
Histopathological examination
Following necropsy specimens of livers and kidneys of each rat were collected and rapidly fixed for at least 24h in10% neutral buffered formalin. The fixed specimens were processed through the conventional paraffin embedding technique, sectioned at 5 microns and stained with Mayer's haematoxylin and eosin (H&E). Stained sections were examined by light microscope and photographed using digital camera.
Semiquantitative histopathological scoring system
Semi quantitative histological scoring was carried out for the liver and kidneys slides. Five fields (×100) were randomly selected from each rat in each group, and the most important pathological alterations were selected and scored in each organ; the severity of lesion was estimated according to the percentage of affected area/entire section where in: 0 = absence of lesion, 1 = 5-25%, 2 = 26-50%, and 3 = ≥50%
Statistical analysis
The statistical analysis was carried-out using one way analysis of variance (ANOVA) for studying of the effect of different treatment groups on different parameters studied using SAS, (2004) (36) .
Results
Hematological results
As presented in Table 1 , blood picture of HU-treated rats significantly showed a decrement in RBCs count which coupled by significant decrease in total leukocytic count (TLC), granulocytes, lymphocytes and monocytes counts in addition to platelets count when compared to control group. Unfortunately, co-administration of ginseng with HU failed to increase the diminished values of the previously listed parameters of blood picture as compared to HU-treated rats. The sole treatment with ginseng did not enhance any of these hematological parameters compared to control group.
Biochemical changes
As shown in Table 2 , treatment of rats with HU evoked significant elevation in plasma activity of AST, ALT and GGT enzymes when compared to control group. Administration of ginseng with HDU significantly decreases plasma activity of these enzymes if compared to HU-treated animals. In the same manner, treatment with HU led to significant increase in plasma concentration of urea and creatinine which accompanied by significant decrease in plasma albumin concentration compared to control group. Comparatively with HU-treated group, co-administration of ginseng with HU significantly ameliorated the changes in these parameters. While, treatment with ginseng alone significantly decreased plasma activity of AST and ALT without any significant effect on the previously elucidated plasma hepato-renal function biomarkers compared to control group.
Plasma level of inflammatory cytokines
Plasma level of TNF-alpha and IL6 revealed a significant increase in HU-treated rats in comparison with control group. Meanwhile, their values were significantly diminished following co-administration of ginseng as compared to HU-treated animals. Moreover, administration of ginseng alone did not produce any alteration in plasma level of previously detected pro-inflammatory cytokines as compared to control group. (Table 2) .
Oxidative changes
The level of MDA recorded a significant increase in hepatic and renal tissues of HUtreated rats which was accompanied by significant decline in GPX activity in these tissues when compared to control group. These elevations were significantly ameliorated toward normal control level upon co-treatment with ginseng. Treatment with ginseng alone did not reveal any significant changes in oxidant/antioxidant parameters in relation to control group (Table 3) .
Histopathological examination
The histopathological changesdetected in livers and kidneys slides were represented in Figs. (1 and 2) and Table (4) which summarized the lesions' incidence and severity reported in HU and HU+ Ginseng-treated groups. No histopathological alterations were detected in either control or Ginseng-treated rats groups.
Liver
Control (Fig.1A) and Ginseng-treated rats' livers showed normal histological structures. Meanwhile, livers of HU -treated rats showed diffuse hepatocytic cytoplasmic vacuolation of both fatty type (sharply outlined vacuoles, Fig.1B, Table4 ) and hydropic type (hazy border vacuoles). Widening of the hepatic sinusoids, hypertrophy of Kupffer cells, widespread moderate to severe congestion and multifocal areas of hemorrhages (Fig1C) were noticed. Furthermore, multifocal areas of hepatocellularnecrosis with mononuclear cells infiltrations were evident (Fig. 1D, Table 4 ).The Portal triads were thickened with edema and mononuclear cell infiltrations associated with atrophied hepatic cords (Fig1E, Table4). Conversely, livers of HU+ Ginseng-treated rats showed the previous described lesions but they were less in the severity and distribution (Fig.1F, Table4 ). Fig.2A) and Ginseng-treated rat's kidneys exhibited normal histological limits of the glomeruli and renal parenchyma. HUtreated rats showed degenerated tubular epithelium with star-shaped tubular lumen. Also, epithelium attenuation and necrosis with desquamated necrotic debris and inter tubular hyaline casts (Fig.2B, Table 4 ) were noticed. Regarding to the glomerular lesions, compressed capillary tufts with increased urinary spaces and presence of necrotic remnants of capillary tufts (Fig. 2C , Table 4 ) were recorded. Throughout the renal parenchyma, the interstitial tissue exhibited 598 multifocal areas of interstitial nephritis with mononuclear cells infiltration, inter tubular edema and marked tubular dilatation (Fig. 2D) . In addition, vascular congestion, moderate perivascular edema associated with lymphocytic cells infiltration and moderate fibroplasia (Fig.   2E, Table 4 ) were noticed. In contrast, the detected renal alternations in HU+ Ginsengtreated group were reduced in the severity and distribution with marked improvement of the renal tissue (Fig. 2 F, Table 4 ) as compared to HU -treated group. All values are expressed as mean ± Std. Error. Means within the same raw of different litters are significantly different at (P < 0.05). Kidney GPX (U/mg protein).
Kidney
Control (
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All values are expressed as mean ± Std. Error. Means within the same raw of different litters are significantly different at (P < 0.05).
Discussion
Hydrxyurea is a potent anti-neoplastic drug which is widely used to prevent painful crises of sickle cell anemia (37). Most available toxicity data from animals are present only in product labels, which are incomplete, and are often found only in summary statements (reviewed by Liebelt et al. 2007 ) (38).This study aimed to evaluate the toxic side effects of HU on liver and kidney tissues of rats and the probable role of Panax ginseng in refinement of such effects. HU is a small molecule, which is rapidly taken up by water and distributed widely throughout the body; it may reach vulnerable areas rapidly causing prompt cytotoxicity (39, 40) .
Myelosupression is one of the major associated complications of the treatment with hydroxyurea (41), as HU can kill S-phase colonyforming unit (CFU) cells of bone marrow and retard the entry of surviving cells into S-phase of division (42) and this may explain the significant reduction in RBCs, leukocytic and platelets count of HU-treated group. Also, HU has the ability to induce damage to erythrocytes membranes due to erythrocytic membrane lipid peroxidation causing lysis of RBC (43) which can be considered as another illustration for the decrement of RBCs count. On the other hand, hydroxyurea inhibit DNA synthesis in germinal center of lymph follicle (44) which may explain the cause of lymphopenia in HU-treated animals. It was suggested that hydroxyurea can induce production of intracellular ROS (42-47) which are involved in cytotoxic effect of hydroxyurea (48,49), as the mechanisms of action of HU depends on its rapid metabolism which produce carbomoylnitroso intermediate which then turned to nitroxide compounds (including nitric oxide) that are responsible for most of toxic effects of HU (50, 51) . These nitroxides act as free radicals which enhance formation of reactive oxygen species, creating oxidative stress state, interacting with nucleic acids and proteins to offset cellular functions, and altering cell signaling (51) . This could be the reason for the elevated plasma activities of different liver enzymes (AST, ALT and GGT) due hepato cellular necrosis and membrane damage causes the release of these enzymes into the circulationin addition to increased plasma level of urea and creatinine. This Indicated oxidative hepato-nephrotoxic effect of HU which was affirmed by our histopathological findings. Plasma albumin level is considered as a good indicator for assessment of liver and kidney function as it synthesized by liver and reabsorbed by renal tubules after glomerular filtration, in addition, it is considered one of negative acute phase proteins as its level decreases in response to inflammation (52), so, its level decrement in HU-treated rats may be attributed to the pre-mentioned oxidative hepato-renal affection which could affect hepatic albumin production and increase urinary albumin loss or due to hepato-renal inflammatory state.
Oxidative damage of HU was proved in our study by increased level of MDA (lipid peroxide) and decreased level of GPX in both of hepatic and kidney tissues of HU-treated animals which accompanied by an elevated level of IL6 and TNF alpha in serum of the same animal group. Parallel to this, HU-induced hepato-nephrotoxic damages were affirmed histopathologically by presence of different hepatic and renal lesions that were previously mentioned in HU-treated rat group. Similar lesions were reported by Ahmad et al. (2018) (53) . The detected hepato-renal structural distortion may be due to previously mentioned HU-induced oxidative damage. Fortunately, most of biochemical and histopathological alterations caused by HU administration were partially reversed upon co-administration with ginseng. The semiquantitative scoring system demonstrated the protective role of ginseng in HU treated-rats group which was displayed by decreasing the intensity and distribution of the recorded hepatorenal lesions. This effectuation may be attributed to antioxidant activity of Panax ginseng that was previously cleared in several studies (54) (55) (56) . Hepato-renal protective effect of ginseng as an antioxidant was previously recorded in different studies (57-60).
Conclusion
Finally, we could conclude that hydroxyurea has an oxidative stress-related deleterious effect on liver and kidneys, in addition to blood cellular components, but, these effects can be partially ameliorated upon administration of ginseng extract as a dietary antioxidant.
